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ABSTRACT

A simple and efficient method fur concentrating Rift Valley
fever and chikungunya viruses is d¢ scribed. Ammonium sulfate and
potassium aluminum sulfate are usec as precipitating agents, and
the precipitate is resuspended to volumes suitable for further
processing and purification. Concentration of both viruses by
one or the other sulfate may be obtained this way. The method
permits concentration of live Rift Valley fever and chikungunya
viruses about 100-fold with negligible losses of virus. Rift
vValley fever virus retained a higher level of infectivity with
potassium aluminum sulfate, but chikungunya virus retained .a
higher infectivity level with ammonium sulfate. The data indicate
that serum plays an important role in the concentration of both
viruses.



I. INTR ON*

LS

Except for density gradient techniques that employ uitra-high-speed
centrifugation, the literature contains little on the concentration and
purification of the two arboviruses Rif% Valley fever (iiT)_ and chikungunya
(Chik). It is true that certain other viruses have been concentrated by
ndcorpiion to salts and molecular gels (e.g., polioviruses on aluminum
hydroxide gels,** fowl plague, influenca, Newcastle diseass, and mumps
viruses on calcium phosphate®*?® or aluminum phosphate,°'° and poliovirus
and enteroviruses by precipitation with cations”’ ®), but these concentra-
tion methods require complex equipment,

This report describes a simple procedure for concentrating RVF and

Chik viruses by precipitation or adsorption to ammcnium sulfate or
potassium aluminum sulfat2.

IL. MATERYALS AND METHODS

A.  VIRAL STRAIN

The small-plaque variant of the pantropic van Wyk strain of RVF virusl®
wan unaed in thia atudy. The or{gin and maintenance of *his strain were
dencribed earlier.'! The African Chik=2 strain of Chilk virus was propared
from mouse brains harvested 42 hours postinfection. A 107 suspension was
made in medium 199 containing 400 units of penicillin and 400 pg of
streptcmycin per ml,

B. VIRAL ASSAY PROCEDURES

Diluent for RVF virus was composed of one part of medium 199 and two
parts of Hanks balanced salt solution (v/v) supplemented with 107 calf
serum, Heart infusion broth was used for Chik virus. Fort Detrick Swiss~
Wehatey atrain mice welghing 8 to 10 g were used for titrating RVF virus
assay; suckling mice less than 30 hours old were used for the Chik virus
assay. Eight mice were used per dilution, and each mouse was challenged
intracerebrally with 0,03 ml of viral material. Deaths were' recorded for
6 days postinoculation; only those occurring after 24 hours were used
in the calculation of mouse intracerebral lethal doses, (MICID,). The
probit method'? of calculating MICLD , values was used.

* Thie report should not be used as a literature citation in material to
be published in the open literature. Readers interested in referencing
the information contaired herein should contact the senior author to
ascertain when and where it may appear in citable form,
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C. TISSUE STRAINS AND CULTURAL PROCEDURE

Two variants of Earle's L cells were used to propagate the RVF virus:
(1) a selected clone designated clone 1-1 made from the L-MA line initially
cbtained from Dr. Donald Merchant, University of Michigan, Ann Arbor,
Michigan, and (ii{) the L-DR line obtained from Dr. William F. Daniels,
Fort Detrick, Frederick, Maryland. Growth medium for L-MA clone 1-1 was
199 medium supplemented with 0.5% Bacto-Peptone. Medium for the L-DR
cells was composed of Eagle's minimum essential medium (EMENM) supplemented
with 10% bovine serum as modified by Daniele ot al.!® These cultures were
PPLO-free after plating on Mycoplasma agar medium.* Cell cultures were

e ziilinely in antibiotic-free medium. Suspension cultures of cells
were grown in the shake flasik s,ztcm. 14

Prior to infection with RVF virus, tissue cells near the peak of the
leg phase were diluted to approximately 2 x 103 cells/ml in the same type
of growth medium used to produce the culture. Multiplicities of inoculum
(MOI) of either 0.01 or 0.001 were seeded directly into the tissue cell
culture. Flasks were incubated at 37 C for 72 hours on a reciprocating
shaker (100 3-inch strokes/min).

A variant of Earle's L cell, CCLI 929, was used to propaieate Chik virus
in a monolayer system. PPLC-free cells were grown in medium 199 supplemented
with 5% calf serum and containing 100 units of penicillin and 100 ug of
streptomyrcin per ml, At the time of virus inoculation, the growth medium
was replaced with fresh medium, with or without serum as appropriate. An
MOI of 2.5 was used to inoculate the 24-hour-old monolayer culture in Roux

bottles. After 48 hours' incubation at 37 C, the fluids were pooled and
titrated in suckling mice.

D. CONCENTRATION OF VIRUS

Cellular debris was removed from the RVF virus suspension by low-speed
centrifugation (480 x g for 10 min) in a Sorvall RC-2 centrifuge at 4 C,
and the cold (4 C) supernatant fluid was concentrated on the same day.
Cell debris was not a problem with Chik virus grown in monolayer, so the
centrifugation step was not nccessary before concentration.

Two techniques were employed. In the first, stock solution of 100%
saturated ammonium sulfate [(NH,),SO,] was prepared, pH was adjusted to 7.4
with 1 N sodium hydroxide, and to each original starting volume of cold
(4 C) supernatant fluid, stock was added intermittently in small amounts
with pH maintained at 7.4 with sodium bicarbonate. After 15 min, the cold
(4 C), treated supernatant fluid was centrifuged for 30 min at 6,000 x g
in the 88-34 votor of a Sorvall RC-2 centrifuge operating at 4 C. The
volume of the supernatant fluid was measured and titrated. The precipitate
was resuspended in an equal volume of medium 199 plus 107 dovine serum,

* Grand Island Bilological Company, Grand Island, N.Y.



The second concentratio. technique employed alum (potassium aluminum
sulfate) [KA1(S(,),°12H50] to precipitate the virus from the supernatant
fluid. A 57 stock solution of alum was prepared, and the pH was adjusted
to 7.4 with 1 N gsodium hydroxide. To each 100-ml volume of cold (4 C)
supernatant fluid, 2 ml of 57 stock solution were added. (Final concen-
tration of alum wag 0.17%,) The alum stock solution was added inten.ittently
while the pH was kept at 7.4 with sodium bicavbonate. After 15 min, the
cold (4 C), treated supernatant fluid war centrifuged in the S§5-34 rotor
of a Sorvall RC-2 centrifuge operating at 4 C for 30 min at 6,000 x g.
The volumes of the supernatant fluid and precipitate were measured,
titrated, and retained or discarded as described previously.

E. ANALYSIS OF DATA

“he techniques utilized to concentrate both RVF and Chik viruses
provide certain known values: 1.e., the volume and concentration of the
(i) original virus suapension, (ii) supernatant fluid, and (i1i) precipitate.
The concentrations were calculated on both per-milliliter and total-volume
bages. Results reported show the degree of concentration achieved and
percentage recovery of infectivity.

ITII. RESULTS AND DISCUSSION

The results reported here on both Chik and RYF viruses show some
direct evidence that the virions are: (1) associated with the serum
protein and (i{) readily concentrated by precipitation with one or the
other of the sulfates employed.

Table 1 summarizes the concentration effect of ammonium sulfate and
Table 2 that of alum. Both viruses reacted similarly, in that larger
infectivity losses occurred in serum-free than in serum-supplemented
medium. However, greater concentration of RVF virus occurred with alum
than with ammonium sulfate; che converse was true for Chik virus. In
all cases, by either of the two precipitation techniques, the volume was
reduced 98% or more. However, two of five attempts to precipitate Chik
virus produced in serum-free medium resulted in no precipitation by
ammonium suifate (Table 1).
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TAELE 2. CONCENTRATION OF RIFT VALLEY FEVER AND CHIKﬁNGUNYA VIRUSES
BY POTASSIUM ALUMINUM SULFATE PRECIPITATION

Standard
Mad{ium Cample - li.an  Deviation
Serum- RVF (10 replications)
Free Infectivity, log,, MICLD,, per ml
Original suspension 6.9 0.38
Precipitate 7.2 0.56
Concentration achieved
Yolome, 7, ve
Wervvared Cntat tefty, % of Cipal valuwe 23,0 Vi n
Chik (6 replications)
Infectivity, log,, MICLD 4, per ml
Original suspension 7.7 .32
Precipitate 8.3 0.33
Concentration achieved
Volume, 7 98
Recovered infectivity, 7% of total volume = 12.8 2.8
Serum- RVF (17 replications)
Sunplemented Infectivity, log,, MICLD,, per ml
Original suspensiocn 6.4 0.19
Precipitate 8.1 0.19
Concentration achieved
Jolume, 7 99
Recoverad infectivity, 7 of total volume 175.5 23.4
thik (12 replicz.'vns)
Infectivity, log,, MICID,, per ml
Original suspension 8.1 0.16
Precipitate 8.7 0.19
Concentration achieved
Volume, °. 98
Recovered ineczivity, 7 of total volume 17.5 7.8




The concentration effect of ammonium sulfate precipitation shows that
both viruges grown in serum-free medium (Table 1) demonetrated substantial
losses in infactivity., Although the volume of the virus suspension was
effectively reduced to 2% of the original volume, only 5.2 and 28.57% of
the initial infectivity were recovered in the precipitates for RVF and
Chik viruses, respectively. Similar results were obtained when RVF virus
wag propagated iu serum-supplemented medium and concentrated by this
proc2ss. The initial volume was reduced to 1%, but only 12.9% of the
original infectivity was recovered in the precipitate. In contraat, when
Chik virus was propagated in serum-supplemented medium and precipitated
by this process, a high degree of concentratfon was achieved. The initial
volume was reduced to 2%, with 73.5% of initial infectivity recovered;
however, 1 to 5% of the original infectivity was found in the supernatant
fluid. This demonstrated an overall loss of infectivity of approximately
21 to 25%. Table 3 shows an example of a single run in which 3,000 ml of
virus suspension were reduced to 60 ml without loss of infectivity.

TABLE 3, EXAMPLE OF CONCENTRATION ACHLEVED ON LARGE VOLUMES
CF RIFT VALLEY FEVER AND CHIKUNGUNYA VIRUS SUSPENSIONS

Original Viral Concentrated Viral

Svapension Suspension

R 5/:

Volume, mi 6u0 1321

Log,q MICLD /w1 / 6.5 8.8

Log total MICLD.§ 9.3 9.9
ChikQ/:

Volume, ml 3,000 60

Log,, MICLD o/ml 9.0 11.4

Log total MICLD,, 12.5 13.2

i, Precipitated by alum,

b, Voiume represents the original precipitate plus an
equal volume of suspending medium.

c. Volume x MICLD (/ml = total MICLD .

d. Precipitated by ammonium sulfate.



The original titer of Chik viral suspensions had no effect on the
w«fficiency of the process; startii, materials with both high (9.0 log,,
MICLD ,/m1) and ‘ow (7.7 log,, MICLD,/ml) infectivity titers were concen-
trated as high as 100-fold without uppreciable loss of infectivity.
This concentration -echnique proved to be rapid and very convenient for

concentrating Chik virus to volumes suitable for storage and: preparative
ultra-centrifugation,

When ammonium sulfate proved ineffective in concentrating RVF virus,
it was postulated that tue properties of the two viruses differed either
in the isoelectric points of their protein or in the structure of the

protein of the virus particles., Therefore, a different precipitant was
tested.

Data on the concentration of these two viruses by alum precipitation
are given in Table 2. Both viruses propagcted in serum-free medium
decreased substantially in volume, but, again, exhibited large losses
both in Lu-ectivity and in recovery of initial infectivity in the

pracipitate,

tn contrast, RVF vi:us was concentrated by alim procipltdtion in
serum-supplemented medium (Table 2). The volume of RVF virus culture
was reduced to 1% with greater than 100% recovery of irnitial infectivity
in the precipitate. Table 3 shows an example of a single run in which
600 ml of virus suspensioc- were reduced to 13 ml with ro loss of infectivity.
Infectivity titrations of tue .'ipernatant fluid showed a retentiun of 25 to
50% of initial infectivity and suggested more virus present than in the
initial culture. Note that quantitation of results in this paper is based
on infectivity and not on numoer of virus particles present in the culture
material. BPolason and Levitt!® presented evidence suggesting that RVF
virus produces infective particles that are not sedimentable, are
f£ilameatous. and contain lipoid material. This interpretation or that
of incomplete virus'® may explain our results. Conversely, Chik virus
lost 82.5% of its in{tial infectivity after alum precipitation in con-
trast to 257 by ammonium sulfate precipitatior.

Certain advanteges of rhe two precipitation techniques employed here
wre: (1) 2 large volume of material can be corcenttatad to & V6line
(Teble 3) suitahle for storage uand preparative ultra-centrifugationm, and
(i1) virus infectivity is not lost during the concentration process under
conditions favorable for that particular virus: RVF virus by alum precipita-
tion and Chik virus by ammonium sulfate precipitation in serum-containing
medium. We cannot explsin why one salt (ammonium sulfate) concencrates
Chik virus and another salt (potassium aluminum sulfate) concentrates RVF
virus. It is apparent, however, that serum does play the important role
in the concentration of both viruses. Work is in progress to asgess the
degree of purlfication as well as the mechanisms of reactiom.
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J A simple and efficient method for concentrating Rift Valley fever
and chikungunya viruses is described. Ammonium sulfate and potassium
aluminum sulfate are used as precipitating agents, and the precipitate
le reguspanded to volumas muftable for furthear processing and purifics
tlon,  Conesutration of both viruses by one or the other sulfate may
be obtained this way. The method permits concentration of live Rift
Valley fever snd chikungunya viruses about 100-fold with negligible
losgeas of vivus, Rift Valley fever viruz retained a higher level of
infectivity with potassium aluminum sulfate, but chikungunya virus
retained a higher infectivity level with ammonium sulfate.. The data

indicate that serum plays an important role in the concentration of
both viruses,
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